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(57) Abstract: 

PURPOSE: To exactly and speedily perform muffling 
operations even when columnar resonance is generated 
inside a car by specifying positions for arranging a 
microphone for noise detection and a microphone for 
muffle confirmation. 

CONSTITUTION: A speaker SP end a muffle confimning 
microphone M2 are extended from a head rest 11 of a 
seat 10 or a back rest part 14 of seat 10 and arranged 
closely to ears. An engine revolving speed sensor PP is 
installed to detect the revolving speed of an engine 12 
and further, a noise detecting microphone Ml is installed 
at the lower of the back rest part 14 of the seat 10. In this 
case, sound pressure is made equal at the positions 
where the microphone Ml for noise detection and the 
microphone M2 for muffle confirmation are arranged. 
Namely, the microphone Ml for noise detection and the 
microphone M2 for muffle confirmation are arranged at 
the positions at an equal distance vertically from a line, 
where the sound pressure is made symmetric at the time 
of generating columnar resonance inside the car, with 
that line between. Therefore, the sound pressure of 
noise detected by the microphone Ml for noise detection 
anti the microphone M2 for muffle confirmation is made 
almost equal even when the columnar resonance is 
generated inside the car. 
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(54) NOISE REDUCING DEVICE FOR INSIDE CAR 

(57)Abstract: 

PURPOSE: To exactly and speedily perform muffling 
operations even when columnar resonance is generated 
inside a car by specifying positions for arranging a 

microphone for noise detection and a microphone for ■^r^; ^r7s^ 
muffle confirmation. 

CONSTITUTION: A speaker SP end a muffle confirming '"^ fX^Si^ 

microphone M2 are extended from a head rest 1 1 of a y"i ' ^ /'^^ 
seat 10 or a back rest part 14 of seat 10 and arranged J t 

closely to ears. An engine revolving speed sensor PP is T"^' 

installed to detect the revolving speed of an engine 12 i^^^ ' : 

and further, a noise detecting microphone Ml is installed 
at the lower of the back rest part 14 of the seat 10. In this 
case, sound pressure is made equal at the positions 
where the microphone Ml for noise detection and the 

microphone M2 for muffle confirmation are arranged. Namely, the microphone Ml for noise 
detection and the microphone M2 for muffle confirmation are arranged at the positions at an 
equal distance vertically from a line, where the sound pressure is made symmetric at the time 
of generating columnar resonance inside the car, with that line between. Therefore, the sound 
pressure of noise detected by the microphone Ml for noise detection anti the microphone M2 
for muffle confirmation is made almost equal even when the columnar resonance is generated 
inside the car. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is noise-reduction equipment for adding opposite phase sound to noise 
and reducing noise, and can be applied to reduction of the noise of vehicle rooms, such as a passenger car and 
one boxcar. 
[0002] 

[Description of the Prior Art] Generally as a method of adding opposite phase sound to noise and reducing 
noise, there is an adaptive control method. Drawing 10 shows an adaptive control method. The microphone 25 
for noise detection detects noise, and the transversal filter 26 collapses and calculates a detecting signal, and it 
generates sound from a loudspeaker 27. On the other hand, the signal detected from the silence check 
microphone 28 presumes and updates the filter factor of the 2 6 considered to be the optimal 

based on adaptation algorithm 29. A noise reduction is committed so that the 2nd [ an average of ] power 
error of which a silence check microphone detects may be made into the minimum. 

[0003] The equipment of the above-mentioned method is indicated by P,2-158296,A and JP,3-50998,A. 
[0004] 

[Problem(s) to be Solved by the Invention] Here, if **** resonance occurs in the vehicle interior of a room, 
sound pressure will change by indoor every place. For example, when the microphone for a silence check is 
placed on the headrest of a sheet and the microphone for noise detection is pjacedunderfoot, since sound 
pressure is remarkably different, silence operation may be unable to carry out correctly and quickly near a 
headrest and in a step. 

[0005] Then, in this invention, in the noise-reduction equipment of the vehicle interior of a room, when **** 
resonance occurs in the vehicle interior of a room, let it be a technical problem to enable it to perform silence 
operation correctly and quickly. 
[0006] 

[Means for Solving the Problem] The 1st means used in this invention in order to solve the above-mentioned 
technical problem is having arranged so that the microphone for noise detection and the microphone for a 
silence check may be carried out a center [ the line ] in the vehicle interior of a room to the line by which the 
sound pressure when causing **** resonance becomes symmetrical and it may become an equal distance 
position perpendicularly. 

[0007] Moreover, the 2nd means used in this invention in order to solve the above-mentioned technical 
problem is having approximated the vehicle interior of a room to the rectangular parallelepiped, and having 
installed the microphone for noise detection, and the microphone for a silence check in the perpendicular 
direction equal distance position to the center line of this rectangular parallelepiped. 
[0008] Furthermore, the 3rd means used in this invention in order to solve the above-mentioned technical 
problem installs the microphone for a silence check, and a loudspeaker near the headrest of a sheet, and the 
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microphone for noise detection is having installed in the lower part of the back reclining section of a sheet. 
[0009] 

[Function] According to the 1st means of the above, since the sound pressure of the sound which the 
microphone for noise detection and the microphone for a silence check detect comes to spread abbreviation 
etc. even if **** resonance occurs in the vehicle interior of a room, it can perform silence operation correctly. 

[0010] In the 2nd means of the above, when **** resonance generates the point which is in a perpendicular 
direction equal distance position to the center line of a rectangular parallelepiped when the vehicle interior of 
a room is approximated to a rectangular parallelepiped, sound pressure level comes to spread abbreviation etc. 
Therefore, since the sound pressure of the sound which the microphone for noise detection and the 
microphone for a silence check detect comes to spread abbreviation etc. even if **** resonance occurs in the 
vehicle interior of a room, it can perform silence operation correctly. 

[001 1] In the 3rd means of the above, even if **** resonance occurs in the vehicle interior of a room, as for 
the lower part of the back reclining section of the sheet near the headrest, sound pressure level comes to 
spread abbreviation etc. Therefore, since the sound pressure of the sound which the microphone for noise 
detection and the microphone for a silence check detect comes to spread abbreviation etc. even if **** 
resonance occurs in the vehicle interior of a room, it can perform silence operation correctly, 
[0012] 

[Example] Hereafter, the example at the time of carrying this invention in vehicles is explained, referring to a 
drawing. 

[0013] Drav^ing 1 is the block diagram of this invention. Loudspeaker SP and the silence check microphone 
M2 are prolonged from the headrest 11 of a seat 10, or the back reclining section 14 of a seat 10, and are 
arranged close to his ears. In order to detect the rotational frequency of an engine 12, the engine speed sensor 
PP is placed. The noise detection microphone Ml is installed in the lower part of the back reclining section of 
a seat 10, The controller 13 is connected to Loudspeaker SP, the silence check microphone M2, the engine 
speed sensor PP, and the noise detection microphone ML 

[0014] Since Loudspeaker SP and the silence check microphone M2 are arranged close to his ears [ of 
people ], Loudspeaker SP does not need to make loud sound. For this reason, it influences outside the portion 
and vehicle by which the sound which came out of Loudspeaker SP separated from the seat 10, and sound is 
not emphasized in other portions. Therefore, others are not affected while reducing only the noise included in 
the ear of those who are sitting on the seat certainly. 

[0015] Since the biggest thing is an engine among the noise sources of vehicles, when it carries in vehicles, to 
muffle the sound from an engine is desired. Drawing 4 shows the noise distribution of a 4-cylinder engine of 
the vehicle interior of a room. The engine speed in drawing is 4016rpm (66.9Hz), and its big mountain is 
made of the about 134Hz portion c of a secondary harmonic content, a is the primary component of engine 
sound. Other portions are depended in addition to engine rotation of a load noise etc. Although the mountain 
of c follows change of the rotational frequency of an engine and frequency goes up and down it, especially the 
sound of this secondary component takes to the PAX, and is sensed as noise. Moreover, since the audible 
sound which human being's ear hears is set to about 50Hz or more, the peak portion which cut by being made 
into an about 0-40Hz portion may be disregarded. Therefore, what is necessary is to extract and muffle only 
the secondary component shown in Illustration c in a 4-cy Under engine. 

[0016] The detail of a controller 13 is shown in drawing 2 . The noise detection microphone Ml detects the 
sound of the vehicle interior of a room. After the detected sound passes the 1st frequency-selective machine 
SCF 1, it is sent to Loudspeaker SP through a phase adjuster BBDl and amplifier Al. An engine speed sensor 
PP is pulse pickup, is installed near the shaft indirectly connected to the engine output shaft or the engine 
output shaft, and detects the rotational frequency of an engine 12. 

[0017] The 1st frequency-selective machine SCF 1 undergoes the output e of an engine speed sensor PP. The 
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internal structure of the 1st frequency-selective ma chine SCF 1 is s hown in drawing 3 . The 1st frequency- 
selective machine SCFJ^^consists^^ capacitor filter SC^ the phase contrast detector_20^the charge 
pump 21, a loop filter 22, a voltage control oscillator VCO, and a counting-down circuit 23, The phase 
contrast detector 20 searches for the phase contrast of the pulse from a counting-down circuit, and the pulse 
from an engine. The charge pump 21 outputs work and the voltage pulse of the amount which carried out 
phase adjustment so that phase contrast of the pulse from a counting-down circuit 23 and the pulse from an 
engine may be made into zero. The loop filter 22 has taken the composition of an integrator, makes the 
voltage pulse from the charge pump 21 the form of analog voltage, and sends it out to the voltage control 
oscillator VCO. The voltage control oscillator VCO oscillates the frequency pulse according to input voltage, 
and sends it to a switched capacitor filter SCF and a counting-down circuit 23 as a clock pulse CL. A 
counting-down circuit 23 carries out dividing of the input pulse to 1-/N, and drops frequency on 1-/N. This N 
is an integer and is set up beforehand. It is referred to as N= 100 in this example. 
[00181 Suppose that N times of the frequency of an engine rotation pulse are in agreement with the clock 
frequency to a switched capacitor filter SCF now. Here, if an engine speed goes up, phase contrast will arise 
between the pulse from a counting-down circuit 23, and an engine rotation pulse. 

[0019] At this time, the charge pump 21 raises output pulse voltage, when work and a phase increase so that 
this phase contrast may be made into zero, and when phase contrast decreases, it lowers output pulse voltage. 
A loop filter 22 changes an output pulse into analog voltage, since the clock pulse of the frequency equivalent 
to this analog voltage is generated, when phase contrast increases, a clock frequency increases the voltage 
control oscillator VCO, and when phase contrast decreases, a clock frequency decreases. Therefore, a clock 
frequency is gone up and down according to an engine speed. Since the composition of an integrator is taken, 
phase contrast of a loop filter 22 corresponds, and even if the pulse from a charge pump is no longer 
outputted, it continues outputting the value till then. Therefore, the frequency of the clock pulse CL by which 
a switched-capacitor-filter SCF HE output is carried out will be N times the engine speed. 
[0020] A switched capacitor filter applies the switched capacitor which has the property that equivalent 
resistance Req changes according to the frequency of Clock CL. Equivalent resistance Req becomes l/(C-fc). 
When designing a filter, the filter which follows this Req at resistance, then change of fc can be realized. If 
the MFIO universal monoUthic dual National Semiconductor switched capacitor filter is used, the band pass 
filter which extracts only the frequency band according to the frequency fc of a clock pulse CL can be 
formed. 

[0021] Thus, a clock pulse with frequency N times the frequency of an engine speed is given to a switched 
capacitor filter SCF, and a switched capacitor filter SCF adjusts the frequency band chosen according to the 
frequency of a clock pulse. If this value N and the voltage range of the voltage control oscillator VCO are 
adjusted, the band pass filter which can extract only the frequency of the double precision of an engine speed 
will be obtained. Thereby, only the secondary harmonic content of an engine speed can be extracted among 
the vehicle indoor sound detected with the noise detection microphone Ml. 

[0022] The signal PA of the extracted secondary harmonic content passes a _phase adiuf^ter BBDl . A phase 
adjuster BBDl is constituted by BBD (Bucket Brigade Device). This BBD has two or more steps of delay 
Unes, whenever it puts in a clock, it transmits a charge to an output side from an input side one by one, and it 
has MN3005 made from the Matsushita electron as commercial elegance. If a clock frequency is made 
adjustable, delay of a signal according to the clock frequency can be performed, and a phase can be shifted. 
Clock frequency f given to a phase adjuster BBDl is given from a microprocessing unit MPU. 
[0023] The signal PB which passed the phase adjuster BBDl is given to amplifier Al. Only gain K amplifies 
an input signal PBl, and amplifier Al obtains an output signal PC 1. Gain K is adjustable and is given from a 
microprocessing unit M EU , An output signal PC is given to Loudspeaker SP. Therefore, among the vehicle 
indoor sound detected with the noise detection microphone Ml, phase adjustment of the secondary harmonic 
content of an engine speed is carried out, and the ampHfied sound is emitted from a loudspeaker. 
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[0024] The sound which the loudspeaker generated goes into the ear of an operator and the PAX together with 
the sound which reaches from the outside of the engine which is a noise source, or the vehicle interior of a 
room. Such sound is simultaneously detected by the silence check microphone M2. The frequency selection of 
the output VB of the silence check microphone M2 is carried out with the 2nd(f55ie ncy^ec!ivrv^ 
11 which is the 2nd frequency-selective means, and it is sent to a microprocessing unit MPU as a signal PD. 
The 2nd frequency-selective machine SCF 11 is carrying out the same composition as the 1st frequency- 
selective machine SCF 1, and only the signal of the frequency band equivalent to the secondary harmonic 
content of an engine speed is extracted. 

[0025] As the microprocessing unit MPU was mentioned above, the signal from the 2nd frequency-selective 
machine SCF 1 1 is received, clock frequency f is sent out to a phase adjuster BBDl, and Gain K is sent out to 
amplifier AL A microprocessing unit MPU operates along with the flow chart of drawing 5 . 
[0026] If a microprocessing unit MPU starts, first, initiahzation of internal memory, input/output port, etc. 
will be performed in Step 30, next a phase adjustment step (Steps 31-40) and a gain-adjustment step (Steps 
41-49) will be repeated. 

[0027] In a phase adjustment step, calculation of a power spectrum is performed first. A power spectrum 
expresses the square average of the amount changed in time as a distribution of a frequency component. 
[0028] Usually, the signal which passed the switched capacitor filter SCF 1 1 is assumed to be X (t). When the 
signal which observed only the section of T<=t<=T is set to xt (t), power spectrum phixx (omega) is [0029]. 
[Equation 1] 

<^ X X (cj) - E [lim IXT (co) l'/2T] 

T-»oo 

[0030] Here, XT (omega) expresses the Fourier transform of xt (t), and E[] expresses expected value. Since 

considering as T-> infinity in fact is impossible, data several n incorporated here is used. In this case, power 

spectrum phixx (omega) is [0031]. 

[Equation 2] phixx(omega) =E [IXT(omega) 12 / 2n] 

It is come out and expressed. 

[0032] At Step 31, power spectrum phixx (omega) is calculated as mentioned above, and it is referred to as 
power spectrum phixxi. Next, phase adjustment is carried out so that a power spectrum may be made into the 
minimum. At Step 32, only deltatheta advances a phase from the current value. The phase of the signal 
outputted by the phase adjuster BBDl from the switched capacitor filter SCF 1 by this is advanced only for 
deltatheta. Next, it judges whether power spectrum phixxi was again calculated at Step 33, and level went up 
by Step 34 to the last value, or it fell. If the level of power spectrum phixxi falls, since it has led to having 
advanced the phase lowering power spectrum phixxi, only deltatheta advances a phase again (Step 38). Power 
spectrum phixxi is again calculated at Step 39, and advancing a phase is continued until power spectrum 
phixxi becomes the minimum value. If the power spectrum is going up by Step 34 to the last value, a phase 
will be delayed and a power spectrum will be lowered. Delaying a phase js continued until power spectrum 
phixxi becomes the minimum value also in this case. When a power spectrum becomes the minimum, it is 
judged that addition sound became an opposite phase to noise. 

[0033] Next, a gain-adjustment step is performed. If the absolute value of the level of noise and addition 
sound is in agreement, since noise and addition sound are offset, a power spectrum will become the minimum. 
Then, gain which makes a power spectrum the minimum like a phase adjustment step is searched for. First, if 
a power spectrum decreases, gain being raised, lowering gain being continued if a power spectrum increases, 
and raising gain is continued. When a power spectrum serves as tiie minimum, a gain-adjustment step is 
finished. 

[0034] The noise which reaches a direct ear from an engine by adjusting the phase and gainof sound which ^ 
are generated from a loudspeaker, and the addition sound emitted from a loudspeaker are7offset>so tiiat the 1 
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power spectrum of the sound detected with the silence check microphone M2 may serve as the minimum, and 
the secondary component of an engine speed stops as mentioned above, entering from an ear in the frequency 
band of the range equivalent to the secondary component of an engine speed. In the above, a phase adjuster 
BBDl, amplifier Al, Loudspeaker SP, the silence check microphone M2, the 2nd frequency-selective 
machine SCF 1 1, and the microprocessing unit MPU constitute the foot back system, and are constituted as an 
opposite phase sound grant means to generate the opposite phase sound to noise. 
[0035] What is necessary is just to establish two or more opposite phase sound grant meanses according to 
each frequency, when the noise which follows others at frequency occurs, the case of a six cylinder engine, 
and. 

[0036] **** resonance will be caused if sound pressure is periodically impressed to the body which has space 
inside. Drawing 6 shows the **** resonance in the interior of a rectangular parallelepiped. The resonance 
frequency f of **** which has lengthwise length L is [0037]. 

[Equation 3] It is shown by f=c/2 Lxi. Here, c is acoustic velocity and i is a degree. Generating of **** 
resonance generates a sound pressure distribution in internal space. Drawing 7 shows the sound pressure 
distribution in the indoor primary length mode of a passenger car. primary length mode -- the sound pressure 
which can be set serves as the minimum near the cross-direction center of the vehicle interior of a room, and 
it increases as it goes to a vehicle indoor cross direction Moreover, as shown in di'awing 8 , it generates 
symmetrically with the surroundings of an illustration dotted line. The **** resonance in one boxcar is more 
clear as shown in drawing 9 . A sound pressure distribution becomes symmetrical up and down focusing on 
the lengthwise center hne of the vehicle interior of a room. In actual vehicles, although a sound pressure 
distribution shifts a Uttle under arrangement of a seat, or the influence of the PAX, it becomes almost 
symmetrical with the surroundings of the dotted Une of length L. 

[0038] As mentioned above, as for Loudspeaker SP and the microphone M2 for a silence check, it is desirable 
to arrange to close to his ears [ of people ]. Moreover, the microphone Ml for noise detection is usually 
arranged near the noise source. However, if **** resonance occurs in the vehicle interior of a room, 
depending on the position of the microphone Ml for noise posting, and the microphone M2 for silence 
detection, sound pressure will differ remarkably. If sound pressure differs, silence operation may be unable to 
carry out correctly and quickly. Therefore, for the abbreviation for sound pressure level etc. to be in the 
microphone Ml for noise detection and the microphone M2 for silence detection by carrying out, and to 
arrange in a position is desired. 

[0039] Then, what is necessary is just to arrange so that the microphone for noise detection and the 
microphone for a silence check may be carried out a center [ the line ] in the vehicle interior of a room to the 
line by which the sound pressure when causing **** resonance becomes symmetrical and it may become an 
equal distance position perpendicularly in order to make equal sound pressure in the arrangement position of 
the microphone Ml for noise detection, and the microphone M2 for silence detection. Since the sound 
pressure of the sound which the microphone for noise detection and the microphone for a silence check detect 
comes to spread abbreviation etc, even if **** resonance occurs in the vehicle interior of a room, it can 
perform silence operation correctly. 

[0040] Moreover, the vehicle interior of a room is approximated to a rectangular parallelepiped, and you may 
make it install the microphone for noise detection, and the microphone for a silence check in a perpendicular 
direction equal distance position to the center line of this rectangular parallelepiped. If the vehicle interior of a 
room is approximated to a rectangular parallelepiped, when **** resonance generates the point which is in a 
perpendicular direction equal distance position to the centerline of a rectangular parallelepiped, sound pressure 
level will come to spread abbreviation etc. Therefore, since the sound pressure of the sound which the 
microphone for noise detection and the microphone for a silence check detect comes to spread abbreviation 
etc. even if **** resonance occurs in the vehicle interior of a room, it can perform silence operation correctly. 
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[0041] Moreover, the microphone for a silence check and a loudspeaker are installed near the headrest of a 
sheet, and you may make it install the microphone for noise detection in the lower part of the back reclining 
section of a sheet. 

[0042] Even if **** resonance occurs in the vehicle interior of a room, as for the lower part of the back 
reclining section of the sheet near the headrest, sound pressure level comes to spread abbreviation etc. 
Therefore, since die sound pressure of the sound which the microphone for noise detection and the 
microphone for a silence check detect comes to spread abbreviation etc. even if **** resonance occurs in the 
vehicle interior of a room, it can perform silence operation correctly. 

[0043] Although the above-mentioned example showed the equipment which reduces the noise of the engine 
in vehicles, this invention is appUcable not only to an engine but a thing from which the frequency of the 
noise section changes according to the state of a noise source. For example, in the interior of a room of an 
airplane, when reducing engine sound, much application can be considered. In this case, what is necessary is 
just to reduce the noise of arbitrary frequency bands by adjusting the clock of a switched capacitor filter. An 
effect is emitted also to reduction of operation sound, such as a solenoid valve otherwise carried in the 
operation sound of a sheet adjuster, the sliding sound of a wiper, the noise at the time of the shift change 
which transmission emits, and vehicles as an object for vehicles, etc. 

[0044] When it carries diis invention in vehicles, the noise-reduction equipment of this invention can be 
carried for every seat, in this case, the switch which permits and forbids die operation of this equipment -- 
preparing -- each seat -- switching it is good to make it like For example, the correspondence 

according to the spot - this equipment is operated to those who are sleeping in the backseat, and an operator 
can cut the operation of diis equipment because of the check of engine sound or sleepiness prevention -- is 
attained. 

[0045] Moreover, in the above-mentioned example, the amount of silence can be arbitrarily determined by 
adjusting constants, such as an amount of gain, in case gain is adjusted. Since according to this the sound 
which an engine emits is not absorbed but volume can be fallen, when the state of an engine can also be 
checked, noise can also fall, and it can drive comfortably. The sound which comes out of a loudspeaker is no 
longer mere opposite phase sound, and can also change noise into a user's favorite sound. 
[0046] 

[Effect of the Invention] According to this invention, since the detection sound pressure of the microphone for 
noise detection and the microphone for a silence check comes to spread abbreviation etc., silence operation 
can carry out correctiy and quickly. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The block diagram of the example of the noise-reduction equipment of this invention 
[Drawing 21 The circuit diagram of the controller of di'awing 1 

[Drawing 31 The circuit diagram showing the 1st of drawing 2 , and the structure of the 2nd frequency- 
selective machines SCFl and SCFll 

[Drawing 41 The indoor noise distribution map of a 4-cylinder vehicle 
[Drawing 51 The flow chart of the microprocessing unit MPU of drawing 2 
[Drawing 61 Explanatory drawing of **** resonance 

[Drawing 71 The sound pressure distribution map in the indoor primary length mode of a passenger car 
[Drawing 81 Explanatory drawing of the indoor **** resonance of a passenger car 
[Drawing 91 Explanatory drawing of the **** resonance of one boxcar 

[Drawing 101 Explanatory drawing of the conventional technology which used the conformity control system 
[Description of Notations] 

10 Seat 

11 Headrest 

12 Engine 

13 Controller 

14 Back RecHning Section 

20 Phase Contrast Detector 

21 Charge Pump 

22 Loop Filter 

23 Counting-down Circuit 

25 Microphone for Noise Detection 

26 Transversal Filter 

27 Loudspeaker 

28 Microphone for Silence Check 

29 Adaptation Algorithm 
Al Amplifier 

Ml Noise detection microphone 
M2 Silence check microphone 
MPU Microprocessing unit 
N Dividing value 
BBDl Phase adjuster 
PP Engine speed sensor 
SCF Switched capacitor filter 
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SCFl The 1st frequency-selective machine 

SCFl 1 The 2nd frequency-selective machine 

SP Loudspeaker 

VCO Voltage control oscillator 

phixx (omega), phixxi Power spectrum 
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[Drawing 11 
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[Drawing 81 




[Drawing 51 



4i Ij g j cgi i a_ e _cgi_ejje 



410 03 



Page 3 of 4 



( Start ~) 
^ 3 0 



3 1 



^ 3 2 



3 3 



-^3 4 



3 5 



3 8 



3 6 



J. 



3 9 



--C^ <Dn i = nil B 



4 1 



<^ Qui = 



nil n 



Y 



4 2 



^ \ 43^- 











4 5 4 8 











4 6 



4 9 



<Dxxi = mi Oxni = min 



[Drawing 71 
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[Drawing 9] 
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